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MODELING AND CORRELATION PLAN OBJECTIVES 
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DESCRIPTION OF BOEING MODEL 360 HELICOPTER 
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MODEL 360 OVERALL DIMENSIONS AND GENERAL ARRANGEMENT 
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DIMENSIONS AND GENERAL ARRANGEMENT 
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MODEL 360 AIRFRAME AND SUBSYSTEM MODULES 
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360 PRIMARY STRUCTURE 
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WEIGHT EMPTY 8843 19499 

FIXED USEFUL LOAD 230 508 

FUEL 2429 5356 

PAYLOAD 2330 5137 

DESIGN GROSS WEIGHT 13832 30500 
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STATIC MODELING GUIDES - SUPPLEMENT BREAKDOWN 
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514 CBAR BEAM 

2 10 CONROD ROD 

457 CSHEAR QUADRILATERAL SHEAR 

758 CQUAD4 QUADRILATERAL PLATE 

50 CTRIA3 TRIANGULAR PLATE 
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For CQUAD4 elements, a MAT 2 card can be used to specify true nonisotropic 
properties such as those found in composite laminates. 
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CONROD elements are placed between C SHEAR elements as panel breakers to 
maintain the aspect ratio near one. Typically, a rod area (A) of .001 
is used and the modulus (E) is assumed to be the same as the shear 


STATIC MODELING GUIDES - FRAMES 



77 




STATIC MODELING GUIDES 


<V V 
X X 
X X 




p 

X 


X X * tn w X 

w O 0 ) d *h G 

O P -H <D 

6 iop'0 
T> X 

-h 0 

O P 


X 

d 

d) 


X 
O 73 
O 

Cn d 
d 

,r 1 p 
0) 
x 

d 

o 


d 
o 

MJ 

W Id 

d 

•H W 

o x 

a d 

•H d) 
(U OX 
C4X 


g O 

03 

g H 
6 P 
U 


03 

> 


03 

P 

4-1 

X 

U 


o3 

> 

-H -H 
d d 
t* d* 
0) <U 


03 

u 

<D 


X ^ 

o ° 

in 


( v 


V 


. -p 
>1 ^ 
H O 

* X 

-Sx 

d 


i?o 
X *H 


03 


<D 


in 
<U 

•H 0) 
X H 
P -H 

0) X 
a s 
o 
p 

C4 " 

W 5 
W H 
0) M 
d 

y d 
X X -H 


ft- 

H 0.-0 

•H 0) 

. T3 > £ 
CVH O +■> 
Id ii M 

o cn a c 

M*g J3' H 
a) a) u 
d ^ -h 
d -h ^ 


w 
d 

a) d ^3 

P 

Sm 8 


w 


X * 
x w 

w 


g‘I.S-0^ 
G ^ +3 <1) 


0) 
a) 

TJ 0) 
•p 

£ G 

X -H 
x O 
C4 

o 

X 


w s. 
8$ 

D 1 2 
aj £ 
p * H 

o 

p 

a 
a 

03 


0) 

£ 

03 

p 

4-1 


§ 4-1 

w 

d x 


03 ^ 


o d 


u 

a) 


03 


0) 73 X 

‘ <u * 
X 
03 

u 

L_1 O 

G 1 .-! 


a) 


a) 

4-1 


0) 

x 


4-1 

O 

a) 

d 

o 


03 


n £ 
0) o 
x d 

03 

O O 
O X3 


(/) 

^ fl3 

£<d 


<D *4 

T3 

O 

d . 
T3 
0) 
d 

-H 
£ 
P 
d) 
X 
d) 

U) 75 

03 

<D 

P g 
03 'O 

03 W 


a) 

X 

X 

X 

03 


<H trt 
03 *0 

O 

•H 

fU W 
S n3 
X <D 
p 


03 


aS P 
U X 


u d oj 


03 


O. 

03 

O 


P 

d) 

X 

d 

o 


03 C 

^ *> 
&rH 

o3 n3 
U 


d) 


O X 
U X 


in 
w 
d) 

- d 
> X d> 
-H X X 
d "P *h 

crx d 

d) w D 1 


9^t3 
£ d 


H o3 
m 


d) 

£ 

03 

P 

X 

X 

w 

03 

<D 

P 

03 


78 


STATIC MODELING GUIDES 
AREAS FOR EQUIVALENT FRAME STIFFNESS 



79 




HONEYCOMB SANDWICH STRUCTURE 


G> 

-d 

o 

E 

d) 

43 

P 


U 

3 

p 

u 

3 

h 

p 

w 

p 

o 

0) 


T3 01 (1) 

a 43 a) p p 
rd a) P tJ rd rd 
^ p 


CO 


u 

M 

o 

0 

0 


p 

CO 

p 

G 


•H 


44 

CO 

to 

4^ 


a 

d> 

(U p 

TJ 

*H 


CO 


O 

CO 

ft 

g 

g 

rd 

o 

<D 

0 

43 



o > 


H 

rd 

CO 

5 d) 

■2 n 

d) 

p 

P U 
rd 3 


ft 

CO 

rd 


U T3 


a) 

p 

rd 

a) 

M 

p 


a) a) 

a cs +J 

C-H rd 
i)H G 
I *H 

•d+j - 

<D 


M 
P . 

CO 


d) 
CO 

o 

CO 4J 


S <d 43 

CO £ H 

H 43 CO 
<« ft® 
>1 ' ° 
h 19 
ai 'U a) 

T) <0 T3 

•h <u m 


5 a) 
o S cm 

U ft' 

>i 

§ « 


CO 

CO 

0) 

g 


a> 

43 
* CO 


-H 

P 

CO CO 


rd T3 

>i a a) 
p 


ft^ 
G 


rd 


4* 

fD H t J ! , ^ 


e a> 

(U *0 

xi £* 

ij P 

^ O 
G 


M 
<D 

G 
to a> 


a 


G 

H 
id 44 
a> co 
H 

P ^ 

G 
rd 


0 

u 

rd 


CO 


slgl 

u 


g (U 

S Jm| 

o 

<u o 

CO 
d> 


^ a) 

“ co 
£ o m 
R*43 U 

§. 5 


d> 

p 

d) 

G 

rd 

i — 1 

ft 

I 

P 

0 

1 

p 

3 

O 


‘P 


T> 
G 
(D rd 


G n 
rd O 

a ? 


43 

p 


43 

u 

-H 

I 


M 

P * 
CO CO 


>1^ 
a) a) 


S°!* 

rd U ^ a) 


aj x; a, cn x 


a) 
a 

p 2 

u i 

e 


m >i _ 

<U a 

A fl-H 

-i o * 

o ® CO 

u 

>, u 

a) . aj 

a o p 
o x> 3 
Ed m o 


£ ^ 
ga 

* *H 

* T* 
<U 

H -H 
d) U 
> 3 
O 43 


rd 
3 
TJ 
•H 
> 

•H 
T3 
G 

*H 

d) 

43 
P 

£ 

O 

u 

p 

Td 
CD 
p 
rd 

rH 

3 

o 

p 

rd T3 
U CD 


43 

H 

M 


, d) cr> 
rd co G G 
u N d 


ft 

rd 

O 

d) 

43 

P 


P Kjj 
® J 


10 

dJ 

*H 

P 

u 


to 

s 

o 

u 

(D 


I P 

M O 
d) G 
P 

rd CO 
£*H 

CD g 
P rd 
Cn M 
G tr> 
o 

a 


co 

rd 


>h 
P J 
O P* 

s 

ao 

3 U 

d) <U 
T) 43 
rd P 

S CH 

>1 o 

rH 

d) 
CO 
3 


rd (J 
CO 
- d> 

a 

>i 

G H 
rd co 
3 

W O 

-H 
. > 
co 0> 
rd M 
d) p< 
M 

rd CO 
rd 

S 
rd 
M 
CP 

o 

Jh 

a 


rd 

d) 

G T5 
d) G 
CP rd 


co 

d) 

P 

rd 

r-i 

& 

d) 

U 

rd 

P 

O 

£ 


io d) 
*H 3 43 
^ P 
43 

d) T3 P 
> G O 
rd 

<D g 
43 O 3 
P w to 


M 

rd 

<U 

43 

CO 

p 

CO 

o 

S 


d) 

43 

p 


CO 


CO 
d> 

•H 

P 

u 

d) 

P. 04 
O CO 
H CO 
CX d) 

P 44 
rd a 

■H -H 

M 43 
d) P 
P 
rd 
£ 


P 


rd 

P 


I 

* 

o 

•H 

43 

P 


O 

CO 

<D 

U 

O 

O 


d) 

u 3J 
0 

o ^ 

p ^ 

o 

p ^ 
d) 

d) g 
43 P 
^ a) 

_ M 

a "* 

2 S 

TJ 3 
a) > 

■p 

rd co • 

H CO CO 

3 d) co 
u c <u 
^ p a 
aJp^ 
U -H U 

P -H 
CO 43 


<D 
M 

rd O 
U 

(0 d) P 
p N rd 


d) 


G 

d> 

S 


M *H 

„ rd S 
d) d) rd 
P S H 
<D 


d) 

P 

rd 


• rd 
CO P 


d) O 
P P 

Ob m - 
^p cu 
Ob 43 
d) P 
O 

w«2 
o 


p 

o 


•H 

P 

P 

<D 


CO 

P 

O 

d) 

P 


p P 


43 

^ p 
ftp 

° 5 

EH 

o a) 

CO P 
G -H 
O S 

0 

H tjr 
ft G 

« § 
CO ^ 


g 43 >i 
^ 4J H 

Q< C3 

■H 

■H 

rd 


to o 

P CO 

P CO 

u 43 

M 

H 3 

rd P 

<d 3 

P 

rd 

(0 H -P 

a G 

*H 

d) -H 

CO 

-H ft-H 

■H d> 

M UJ 

4G ^ 

CO 


P g 

a) a) 

P 

<D 

a) to -p 

ft d) 

4-> -H 

P 

U 

P CO fO 

ft P 

nj rH 

G rd 

d) 

(0 <U 43 

rd d) 

s a 

HH -H 

G 

sap 


80 
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area is lumped with the cap area 


STATIC MODELING GUIDES - HONEYCOMB SANDWICH STRUCTURE 

BULKHEADS, DECKS AND BUTT-LINE BEAMS 
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STATION 120 
BULKHEAD FRAME 



STATIC MODELING GUIDES 


OD 

iJ 

w 

2 

< 

Oh 

2 

M 

cn 

i 

w 

os 

D 

Eh 

U 

D 

PS 

en 

CP 

a 

u 

M 

s 

Q 

2 

C 

cn 

CP 

§ 

u 

>H 

w 

2 

o 

a 


T3 

<D 

u 

O 

c 

O' 


• 


0) 

*o 


p 

<D 


<TJ 

u 



0 


cn 

c 


u 

CP 


0) 



c 



0) 

0) 


M-l 

u 


M-l 

m 


•H 


• 

4J 

CO 


cn 

0) 

0) 


•H 

u 

'U 

rH 

0 

c 

a 

c 

aj 


CP 


<u 

•H 

cn 

CP 


-p 

*0 

cn 


Q) 

•H 

0 

1 

rH 


1 

4J 

<TJ 

0) 

3 

C 

a 

o 

0 



•H 

-p 


-P 


o 

•H 

a) 

TP 

7D 

CP 

c 

X3 

'O 

•rH 

<C 

CP 

5 


• ♦ • 



84 



STATIC MODELING GUIDES 

HONEYCOMB SANDWICH STRUCTURE - SKIN PANELS 
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DISTRIBUTED MASS ITEMS LUMPED AT NODES AS SHOWN 

MAINTAIN VERTICAL AND HORIZONTAL CG, AND THE ROLL INERTIA 
WITHIN THE LIMITS OF THE NASTRAN MODEL 
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100% ROTOR MASS, NO DISC INERTIA 

FUEL AND CARGO DISTRIBUTED TO MULTIPLE NODE POINTS MAINTAINING 
C.G. AND INERTIA WITHIN LIMITS OF THE NASTRAN MODEL 

LANDING GEAR MODELED AS FLEXIBLE APPENDAGE WITH DISTRIBUTED 
MASS 
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VIBRATION MODELING GUIDES 
GENERALIZED DYNAMIC REDUCTION 
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COMPUTATIONAL DEMONSTRATION 
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NATURAL FREQUENCIES AND MODE SHAPES 



COMPUTATIONAL DEMONSTRATION 
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COMPUTATIONAL DEMONSTRATION 
DEMONSTRATION CASES 
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deviation from these conditions indicates that unwanted constraints are 
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• TO EVALUATE, EXAMINE OUTPUT TO DETERMINE THAT: 

- ALL GRID POINT DISPLACEMENTS EQUAL APPLIED 
DISPLACEMENT 

- ALL INTERNAL LOADS ARE ZERO 
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COMPUTATIONAL DEMONSTRATION 
STATIC INTERNAL LOADS 
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STATIC DEFLECTED SHAPE 
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COMPUTATIONAL DEMONSTRATION 
NORMAL MODES ANALYSIS 
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CABIN FRAME DISTORTION 18.91 
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COMPUTATIONAL DEMONSTRATION 
FORCED VIBRATION ANALYSIS 
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CORRELATION GUIDES 
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CORRELATION GUIDES 
TEST CONDITIONS AND PARAMETERS 
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CORRELATION GUIDES 
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CORRELATION GUIDES 
BASIS FOR CORRELATION 
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PRESENTED IN GRAPHICAL FORM. 
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CORRELATION GUIDES - SAMPLE CORRELATION PLOT 
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ACTUAL VS PLANNED GUIDES - BACKGROUND 
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ACTUAL VS PLANNED GUIDES - BACKGROUND 
TEST VEHICLE CONFIGURATION 
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ACTUAL VS PLANNED STATIC MODELING GUIDES 
STRUCTURE NOT MODELED 
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ACTUAL VS PLANNED STATIC MODELING GUIDES 
ISOLATOR MODELING - CABIN FLOOR 
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ACTUAL VS PLANNED STATIC MODELING GUIDES 
FORWARD TRANSMISSION COVER AND ROTOR SHAFT 
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CALCULATED ROTOR SHAFT PROPERTIES 

CBAR PROPERTIES FOR COVER SELECTED TO 
MATCH STATIC TEST DATA AT HUB 
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ACTUAL VS PLANNED STATIC MODELING GUIDES 
AFT TRANSMISSION COVER AND ROTOR SHAFT 
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ACTUAL VS PLANNED MASS MODELING GUIDES 
TREATMENT OF DISTRIBUTED MASS ITEMS 
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ACTUAL VS PLANNED MASS MODELING GUIDES 
WEIGHT DISTRIBUTION PROCEDURE FOR UNIFORM STRUCTURE 
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ACTUAL VS PLANNED MASS MODELING GUIDES 
TREATMENT OF CONCENTRATED MASS ITEMS 
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ACTUAL VS PLANNED VIBRATION MODELING GUIDES 
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ACTUAL VS PLANNED VIBRATION MODELING GUIDES 
CHANGES FROM STATIC TO VIBRATION FEM 
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ACTUAL VERSUS PLANNED COMPUTATIONAL DEMONSTRATION 
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ACTUAL VS PLANNED COMPUTATIONAL DEMONSTRATION 

DEMONSTRATION CASES 
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ANALYSIS FOR CORRELATION WITH SHAKE TEST 



ACTUAL VERSUS PLANNED COMPUTATIONAL DEMONSTRATION 
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ACTUAL VS PLANNED COMPUTATIONAL DEMONSTRATION 

ACTUAL STATIC LOAD CASE 
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ACTUAL VS PLANNED CORRELATION GUIDES 
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ACTUAL VS PLANNED CORRELATION GUIDES 
TEST CONDITIONS AND PARAMETERS 
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RESPONSE AT THREE AIRFRAME LOCATIONS FOR THREE FORWARD AND THREE AFT 
ROTOR EXCITING FORCES 
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CURRENT MODEL 360 NASTRAN STRUCTURAL MODEL 
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STATIC MODELING 

CURRENT MODEL 360 NASTRAN STRUCTURAL MODEL 
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FORWARD FUSELAGE/COCKPIT - SUPERELEMENT NO. 
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STATIC MODELING 

FORWARD FUSELAGE/COCKPIT - SUPERELEMENT NO. 
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VIEW FROM LEFT SIDE 


STATIC MODELING 
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STATIC MODELING 

CENTER FUSELAGE - SUPERELEMENT NO. 2 
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VIEW LOOKING AFT 


CABIN FLOOR/FUEL ASSEMBLY - SUPERELEMENT 
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STATIC MODELING 

CABIN FLOOR/FUEL ASSEMBLY - SUPERELEMENT NO. 3 
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VIEW LOOKING AFT 


MAIN LANDING GEAR COMPARTMENT - SUPERELEMENT NO 
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STATIC MODELING 

MAIN LANDING GEAR COMPARTMENT - SUPERELEMENT NO. 4 
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VIEW LOOKING AFT 


STATIC MODELING 
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COMPARISON OF FEM AND TEST VEHICLE 
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MASS MODELING 

COMPARISON OF FEM AND TEST VEHICLE 
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DISTRIBUTION OF MODEL WEIGHT 
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MASS MODELING 

DISTRIBUTION OF MODEL WEIGHT 
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SECONDARY STRUCTURE, EQUIPMENT AND CONCENTRATED WEIGHTS 
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MASS MODELING 

SECONDARY STRUCTURE, EQUIPMENT AND CONCENTRATED WEIGHTS 
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MODAL ANALYSIS - NATURAL MODES 
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COMPARISON OF TEST AND ANALYTICAL FREQUENCY RESPONSE 

TEST MEASUREMENT LOCATIONS 
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COMPARISON OF TEST & ANALYTICAL FREQUENCY RESPONSE 
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COMPARISON OF TEST & ANALYTICAL FREQUENCY RESPONSE 
CORRESPONDING TEST AND NASTRAN LOCATIONS 
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COMPARISON OF TEST & ANALYTICAL FREQUENCY RESPONSE 

NASTRAN FORCED RESPONSE 
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COMPARISON OF TEST & ANALYTICAL FREQUENCY RESPONSE 
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FREQUENCY RESPONSE - FORWARD VERTICAL EXCITATION 

RESPONSE: FORWARD HUB (LOC. 2) 
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FREQUENCY (Hz) FREQUENCY (Hz) 








FREQUENCY RESPONSE - FORWARD LATERAL EXCITATION 
RESPONSE: FORWARD HUB (LOC. 2) 
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FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 





FREQUENCY RESPONSE - FORWARD LONGITUDINAL EXCITATION 

RESPONSE: FORWARD HUB (LOC. 2) 
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FREQUENCY RESPONSE - FORWARD PITCH EXCITATION 
RESPONSE: FORWARD HUB (LOC. 2) 



FR€QUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 







FREQUENCY RESPONSE - FORWARD ROLL EXCITATION 
RESPONSE: FORWARD HUB (LOC. 2) 
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high. A second test peak near 8 Hz is missed by the analysis. 
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(0V9) 319NV 3SVHd 


FREQUENCY (Hz) 




FREQUENCY RESPONSE - AFT LATERAL EXCITATION 
RESPONSE: AFT HUB (LOC. 51 ) 
















FREQUENCY RESPONSE - AFT ROLL EXCITATION 
RESPONSE: AFT HUB (LOC. 51 ) 
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COMPARISON OF TEST & ANALYTICAL FREQUENCY RESPONSE 
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Aft Longitudinal Excitation - The analytical response is seriously 
underdamped . Only the peak near 7 Hz shows any correlation with a test 
peak. 


FREQUENCY RESPONSE - FORWARD VERTICAL EXCITATION 
RESPONSE: STA. 10 R/H FORWARD COCKPIT (LOC. 9) 
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FREQUENCY (Hz) FREQUENCY (Hz) 












FREQUENCY RESPONSE - FORWARD LONGITUDINAL EXCITATION 
RESPONSE: STA. 10 R/H FORWARD COCKPIT (LOC. 9) 



FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 



FREQUENCY RESPONSE - AFT VERTICAL EXCITATION 
RESPONSE: STA. 10 R/H FORWARD COCKPIT (LOC. 9) 
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FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 





FREQUENCY RESPONSE - AFT LATERAL EXCITATION 
RESPONSE: ST A. 10 R/H FORWARD COCKPIT (LOC. 9) 
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FREQUENCY (Hz) FREQUENCY (Hz) 







FREQUENCY RESPONSE - AFT LONGITUDINAL EXCITATION 
RESPONSE: ST A. 10 R/H FORWARD COCKPIT (LOC. 9) 



FREQUENCY (Hi) FREQUENCY (Hz) FREQUENCY (Hz) 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB LONGITUDINAL EXCITATION AT 10.3 Hz 
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ANALYTICAL MODE AT 10.12 Hz 


< 

o 


gs 

t z 
o C 
x < 

LLJ 


< 

O 


cc 

LU 

UJ > 
CO CO 
Z 3 
O X 

0 - l— 

co C 

UJ < 

cc 


CO 

55 

>- 

-i 

< 

z 

< 



I 

I 

I 

I 


ONiaNaa ohz 
*h re iS3i 



o 

*3* 


o 

CO 


o 

C\J 


{mws aaisvw ai/s) aamndwv 


265 

PRECEDING PAGE BLANK NOT FILMED 



.4NTtNIIUNAi.LV 8LAN,. 


FREQUENCY (Hz) 


ANALYTICAL RESULTS - NATURAL MODES 


* 



266 


TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB VERTICAL EXCITATION AT 9.1 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
AFT HUB PITCH EXCITATION AT 17.0 Hz 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 

ANALYTICAL MODE AT 18.76 Hz 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 

ANALYTICAL MODE AT 1 8.76 Hz 
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ANALYTICAL RESULTS - NATURAL MODES 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 

ANALYTICAL MODES AT 5.68 AND 7.33 Hz 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 

ANALYTICAL MODES AT 5.68 AND 7.33 Hz 




o 


o 

CO 


o 

CNJ 




297 

PRECEDING PAGE BLANK NOT FILMED 


-^£2j!LlttTWTlONAUir HUMr. 


FREQUENCY (Hz) 



ANALYTICAL RESULTS - NATURAL MODES 


N 

X 

00 

CO 

u> 

II 

> 

o 

z 

UJ 

D 

o 

UJ 

GC 

U. 

N." 

UJ 

D 

o 

2 



£ 


y 


298 


ORIGINAL PAGE IS 
OF POOR QUALITY 


VIEW LOOKING FORWARD 


TEST RESULTS - FORCED RESPONSE MODE SHAPES 
AFT HUB LATERAL EXCITATION AT 6.1 Hz 





299 


FRONT VIEW SIDE VIEW 






ANALYTICAL RESULTS - NATURAL MODES 


N 


CO 

CO 


II 

>- 

O 

z 

LD 

3 

O 

LU 

cc 


O) 

111 

Q 

o 




300 


TEST RESULTS - FORCED RESPONSE MODE SHAPES 
AFT HUB LATERAL EXCITATION AT 7.6 Hz 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 
ANALYTICAL MODES AT 8.56, 9.14, 9.21 AND 10.46 Hz 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 
ANALYTICAL MODES AT 13.41, 14.16, 17.51 AND 19.45 HZ 
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COMPARISON OF ANALYSIS AND ESTIMATED TEST NATURAL FREQUENCIES 
ANALYTICAL MODES AT 13.41, 14.16, 17.51 AND 19.45 Hz 
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